Introduction
Hepatorenal syndrome (HRS) is a rare disorder of pronounced renal dysfunction in patients with end-stage liver disease. 1, 2 In the setting of liver cirrhosis, portal hypertension triggers the release of nitric oxide and other vasodilators, with resultant arterial vasodilatation in the splanchnic circulation and a decrease in systemic vascular resistance. 1, [3] [4] [5] In advanced cirrhosis, however, persistent and progressive arterial hypovolemia causes activation of vasoconstrictor mechanisms, including high plasma levels of renin activity, norepinephrine, and antidiuretic hormone, which lead to underperfusion of the kidneys. Diagnosis of HRS is based on the International Ascites Club (IAC) criteria. 2 According to these criteria, HRS occurs in patients with end-stage cirrhosis and is marked by significantly impaired renal function in the absence of underlying renal pathology or systemic shock, and the lack of clinical response to volume expansion by albumin administration. 2 The two identified types of HRS (type 1 and type 2) may be differentiated based on the rate of rise of serum creatinine (SCr). In HRS type 2, SCr rises gradually, and moderate renal impairment occurs (SCr rises to 1.5-2.5 mg/dL). 2 In HRS type 1, SCr doubles to .2.5 mg/dL within 2 weeks, accompanied by rapid progressive renal impairment and a very poor prognosis, with .80% mortality within 3 months. [8] [9] [10] The estimated annual prevalence for HRS type 1 in the USA ranges from 9000 to 20,000 patients. 8, 10, 11 Although liver transplantation offers a clear survival benefit, 12 patients with HRS type 1 often die while waiting for organ availability. 13, 14 Therefore, a therapy to reverse HRS type 1 and provide a bridge to transplantation is desirable.
Terlipressin is a vasopressin analog approved for the treatment of HRS type 1 in France, the United Kingdom, Spain, Italy, Switzerland, and Denmark, as well as in several South American and Asian countries. In a number of clinical trials, terlipressin (1 to 2 mg; Glypressine, Ferring, Gentilly, France; Glypressin, Ferring, Madrid, Spain, and Langley, Berkshire, UK; Haemopressin SPC, Meduna Pharmaceuticals, Aschaffenburg, Germany), given as an intravenous bolus every 4 to 6 hours, has proven effective, marked by a significant increase in the rate of HRS type 1 reversal (eg, a decrease in SCr to #1.5 mg/dL without dialysis). [15] [16] [17] [18] A previous trial by Sanyal et al 15 (also known as Study OT-0401) demonstrated that terlipressin was more effective than placebo for HRS reversal (34% vs 13%, P = 0.008) in patients with HRS type 1. At present, there are no approved drug therapies for HRS type 1 in the USA, Australia, or Canada. Given the rare nature of this condition and the existing unmet medical need for treatment, orphan drug and fast-track designations were granted for terlipressin by the US Food and Drug Administration on October 29, 2004 , and April 5, 2005, respectively. In an attempt to verify the efficacy of terlipressin in HRS type 1 and address some limitations of the OT-0401study design, the Randomized, placEbo-controlled, doubleblind study to confirm the reVERSal of HRS type 1 with terliprEssin (REVERSE) trial was developed. The objective of this study was to determine the efficacy and safety of intravenous terlipressin compared with placebo in the treatment of adult patients with HRS type 1 receiving intravenous albumin. This report describes the rationale and design of the REVERSE trial, including details of patient inclusion/exclusion criteria, treatment protocol, primary efficacy and safety end points, and the statistical analyses plan.
Materials and methods
This pivotal, multicenter, Phase III, randomized, doubleblind, placebo-controlled, parallel-group study (US National Institutes of Health clinical trials identifier: NCT01143246) was expected to enroll 180 patients at 60-70 sites in the USA and five to ten sites in Canada. The protocol was approved by the institutional review board and/or independent ethics committee at each study site, and all study procedures were performed in accordance with good clinical practice. 19 Written informed consent was obtained from each patient or a legally authorized representative prior to enrollment in the study.
Patients
Men and women aged 18 years or older having cirrhosis, ascites, and a diagnosis of HRS type 1 based on the 2007 IAC diagnostic criteria 2 were eligible for participation. HRS type 1 is commonly defined by a doubling of the initial SCr concentration to a level .2.5 mg/dL in  2 weeks. The REVERSE trial enrolled patients with an SCr level .2.5 mg/dL and either a doubling of SCr within 2 weeks or a change in SCr levels over time, indicating a trajectory with a slope equal to or greater than that of a doubling within 2 weeks. For ease of calculation, SCr trajectory was estimated by relating a defined Delta time (days) Fold increase in creatinine 8 "fold increase in SCr" to the elapsed time in days between two measured SCr values ( Figure 1) ; greater proportional increases in SCr were required for observations of shorter duration. In situations where the time elapsed between SCr assessments was longer than 2 weeks, eligibility was determined on a case-by-case basis.
Exclusion criteria aimed to generate a patient sample limited to individuals with functional renal impairment secondary to cirrhosis and ascites, who could safely be administered terlipressin and who were deemed likely to survive through the active study period. Specifically, exclusion criteria included SCr .7 mg/dL, shock, hypotension (mean arterial pressure 70 mm Hg or .40 mm Hg decrease in systolic blood pressure from baseline), or systemic inflammatory response syndrome, marked by two or more of the following: temperature .38°C or 36°C; heart rate .90 beats/min; respiratory rate of .20 breaths/min or PaCO 2 of 32 mm Hg; or white blood cell count .12,000/µL or 4000/µL) or sepsis (systemic inflammatory response syndrome with documented infection). Other exclusion criteria included 2 days of anti-infective therapy for documented or suspected infection; proteinuria .500 mg/day; hematuria or microhematuria; clinically significant cast on urinalysis; evidence of intrinsic or parenchymal renal disease; obstructive uropathy; other renal pathology on ultrasound or other medical imaging; recent (within 4 weeks) renal replacement therapy; recent treatment with nephrotoxic drugs such as aminoglycosides; more than three doses of nonsteroidal antiinflammatory drugs within the prior month or long-term use ($ 2 weeks) of orally administered neomycin; superimposed acute liver failure/injury due to factors other than alcoholic hepatitis (eg, acute viral hepatitis, recreational drug use, acetaminophen, toxins such as mushroom poisoning); or recent treatment (#48 hours) with octreotide, midodrine, vasopressin, dopamine, or other vasopressors. Patients with severe cardiovascular disease, life expectancy of 3 days, confirmed pregnancy, or known allergy to study medications or their components were also excluded.
Study procedures and treatment regimens
The parallel-group study design included a screening and pretreatment phase, an active study period, and a followup period (Figure 2 ). An overview of study assessments is presented in Table 1 . Patients were qualified for study entry during screening; eligibility criteria were verified, prior medications documented, a diagnosis of HRS type 1 was established, and informed consent obtained. The investigator at each study site screened patients for eligibility and reviewed clinical status daily throughout the active study period.
Qualified patients were enrolled in the study and entered the pretreatment period, during which baseline assessments and patient randomization occurred. Baseline assessments included a physical examination (including vital sign measurements), medical history, height and weight, ChildPugh score, 20 twelve-lead electrocardiogram, and drawing of blood samples for genetic marker and pharmacokinetic evaluations. Blood urea nitrogen, SCr, electrolytes, glucose, alkaline phosphatase, alanine amino transferase, aspartate amino transferase, protein, albumin, and bilirubin, along with urine creatinine and sodium, were measured at baseline and at protocol-specified time points throughout the active study period. In addition, glomerular filtration rate (GFR), international normalized ratio, encephalopathy score, 21 model for end-stage liver disease (MELD) score, 22 complete blood count, and differential and fractional excretion of sodium were calculated at baseline and at protocol-specified time points throughout the active study period. Baseline SCr (the qualifying SCr value) was obtained at least 48 hours after both diuretic withdrawal and the beginning of albumin fluid challenge, and no more than 8 hours prior to the start of study medication. As previously noted, this SCr value was required to be $2.25 mg/dL and at least 80% of the SCr value obtained during HRS diagnosis. Patients were stratified by qualifying SCr (3.6 mg/dL or $3.6 mg/dL) and the presence or absence of alcoholic hepatitis, and were randomized in a 1:1 ratio to receive either terlipressin or matching placebo. Treatment group assignments were made with randomization codes from a centralized interactive voice response system.
The active study period began with the first administration of terlipressin or matched placebo ( Figure 3 ). During this period, treatment with the blinded study drug continued until at least two SCr values #1.5 mg/dL were obtained at least 48 hours apart, or up to 14 days. Duration of treatment was allowed to extend to a maximum of 15 or 16 days if HRS reversal was first achieved on days 13 or 14, respectively.
Patients in the active treatment group received terlipressin 1 mg given intravenously every 6 hours as a slow bolus injection over 2 minutes. The criteria for dose increases, study discontinuation, treatment resumption, and treatment completion during the active study period are shown in Figure 3 . The dosing regimen for patients in the placebo (6 mL lyophilized mannitol solution) group was identical to the terlipressin regimen. Patients and all study personnel remained blinded to treatments throughout the study unless unblinding was required by a medical emergency. Administration of albumin at doses of 20 to 40 grams/ day following the albumin challenge was recommended, 
Serum glucose, calcium, magnesium
Notes:
a Concomitant medications included albumin, IV solutions, and blood products; b optional; c PK samples were taken during the first dose interval on day 1 at 5-10 minutes, 30-120 minutes, and 3-5 hours after study drug administration; d maximum duration of treatment was 16 days if HRS reversal was first achieved on day 14;
e assessed pre-dose and 5 minutes, 30 minutes, and 1, 2, and 4 hours after first dose, then at pre-dose, 5 minutes, and 2 hours after each subsequent dose;
f assessed once daily during active treatment and until day 14 or discharge, whichever occurred first; g assessed once daily during treatment days; h assessed on days 1, 3, and 7, and at treatment termination; i monitored for up to 7 days after end of treatment; j monitored for up to 30 days after end of treatment. Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; BUN, blood urea nitrogen; CBC, complete blood count; ECG, electrocardiogram; GFR, glomerular filtration rate; HR, heart rate; HRS, hepatorenal syndrome; INR, international normalized ratio; MELD, model endstage liver disease; PK, pharmacokinetic; RRT, renal replacement therapy; SCr, serum creatinine. as clinically indicated, for all patients in both study arms as per current IAC guidelines. 2 The concomitant use of vasopressive drugs (ie, midodrine, vasopressin, dopamine, dobutamine, norepinephrine), octreotide, prostaglandin analogs (eg, misoprostol), and nonsteroidal anti-inflammatory drugs was prohibited during the study. The use of diuretics was discouraged, unless such use was medically required for fluid overload.
The follow-up period began after the end of study treatment and concluded 90 days after the start of study treatment. Patients were contacted 30 (±7), 60 (±14), and 90 (±14) days after the first day of study treatment for assessment of survival, renal replacement therapy, and transplantation. No clinical laboratory tests were scheduled to occur during the follow-up period. Patients had the right to discontinue treatment and/or participation in the study at any time, and the investigator could have discontinued any patient at any time for any reason. Patients who discontinued treatment due to an adverse event (AE) were followed until the event resolved or stabilized.
Outcome assessments

Efficacy outcome measures
All patients had SCr assessed at baseline and daily throughout the active study period or upon early study discontinuation. The primary efficacy measure was the percentage of patients with confirmed HRS reversal. Criteria for defining patients with HRS reversal are shown in Figure 4 . The date and time of the first observed SCr value of #1.5 mg/dL on treatment were used for calculating the time window for the confirmatory SCr value. The first SCr value of #1.5 mg/dL occurring during the time window for confirmation was selected as the second and confirmatory value. Any SCr values obtained after liver transplantation or renal replacement therapy were excluded from efficacy analyses.
Other efficacy measures included change in renal function from baseline through the end of treatment (up to 24 hours after the last dose of study medication) as reflected in daily SCr values; incidence of HRS reversal, defined as at least one SCr value of #1.5 mg/dL while on treatment (up to 24 hours after last dose); transplant-free survival through 90 days after randomization; overall survival through 90 days after randomization; change in GFR from baseline through end of treatment calculated using both the Modification of Diet and Renal Disease and the Cockcroft-Gault equations; change from baseline through end of treatment in fractional excretion of sodium; incidence of HRS type 1 recurrence, defined as an SCr value of $2.5 mg/dL in the absence of other causes of renal impairment occurring until transplantation; day of discharge from the study site, or day 14, whichever occurred first; and dialysis-free survival through 90 days after randomization. 
Exploratory outcome assessments
Exploratory subgroup analyses were also performed. These included time to transplantation of up to 90 days, summarized for patients who underwent transplantation; transplant-free survival and overall survival stratified by responders versus nonresponders for the HRS reversal and confirmed HRS reversal outcomes; and evaluation of efficacy outcomes stratified by baseline prognostic factors. Blood samples were obtained from all patients, if possible, to characterize the pharmacokinetics of terlipressin and its metabolite lysine-vasopressin. In consideration of the patients' condition, a sparse sampling approach was used to collect blood samples from each patient. Pharmacokinetic analyses were conducted using nonlinear mixed-effects modeling.
All patients were invited to participate in a biomarker genetic evaluation, subject to institutional review board and/ or independent ethics committee approval. Blood samples were obtained, on a voluntary basis, for analyses regarding potential biomarkers that might reflect treatment response, hemodynamic effects, or the risk-benefit profile associated with terlipressin treatment. The plans for genetic evaluations included, but were not limited to, single nucleotide polymorphisms in the promoter region of the vasopressin V1 receptor gene and genome-wide association scans to study genetic variation at other single nucleotide polymorphism levels. The total additional volume of blood loss for biomarker genetic assessments was approximately 10 mL per patient.
Safety outcome measures
Safety outcome measures included vital signs, encephalopathy score, MELD score, and AEs. Vital signs (heart rate and blood pressure) were assessed at baseline, before administration of each dose of the study drug, at 5 minutes, 30 minutes, and 1, 2, and 4 hours after the first dose of the study drug, and at 5 minutes and 2 hours after all other doses of the study drug. Encephalopathy was assessed and graded according to the West Haven Criteria for Semiquantitative Grading of Mental State (Table 2) . 21 MELD (which incorporates an international normalized ratio, SCr, and serum bilirubin) is a validated model for prediction of survival in patients with liver diseases. 22 MELD scores were calculated at baseline and on treatment days 1, 3, and 7, and on the day of treatment termination. AEs were assessed and recorded beginning with the first administration of the study drug and continuing until 7 days after the study drug was discontinued. An AE was defined as any unfavorable and unintended sign, symptom, or disease temporally associated with the use of a medicinal product during the study, whether or not the sign, symptom, or disease was considered related to the medicinal product. Serious AEs were assessed and recorded until 30 days after the study drug was discontinued. A serious AE was defined as any AE that was life-threatening or resulted in death, resulted in persistent or significant disability, required or prolonged hospitalization, was a congenital anomaly or birth defect, or was another medically significant event that might jeopardize the patient and might require medical or surgical intervention. Deaths were reported up to 90 days after initiation of the study drug.
Statistical analysis
The estimate of sample size was based on data from the OT-0401 study reported by Sanyal and colleagues, 15 in which the rate of confirmed HRS reversal for patients with a baseline SCr value of #7 mg/dL was 12.5% (7/56) in the placebo group and 36% (18/50) in the group treated with terlipressin. An estimated enrollment of 180 patients (90 in each treatment group) was needed to provide 93% power for the primary efficacy analysis to detect a statistically significant difference (P # 0.05 using a two-sided test) between the two treatment groups. All statistical analyses were performed using SAS software version 9.1.3 or higher (SAS Institute Inc, Cary, NC, USA) with a two-sided significance level of 0.05, unless otherwise noted. If enrollment reached 180 patients with fewer than 30 events of confirmed HRS reversal being observed, enrollment continued until at least 30 events were observed.
The efficacy population, defined as all randomized patients who had had at least one baseline assessment, was used for all efficacy analyses. The safety population included all randomized patients who received at least one dose of the study drug. Treatment classification was based on randomized treatment for all efficacy analyses and on actual treatment received for all safety analyses.
Between-group differences were analyzed using an analysis of variance model with treatment as a factor. Categorical variables were summarized by frequency and percent; a Cochran-Mantel-Haenszel chi-square test was used to assess between-group differences.
The primary efficacy analysis data for the two treatment groups were compared using the Cochran-Mantel-Haenszel chi-square test stratified by qualifying SCr (3.6 mg/dL or $3.6 mg/dL) and the presence/absence of alcoholic hepatitis. If the proportion of patients with treatment success was small (5 events per stratified category cell), an unstratified chi-square test was used instead of the CochranMantel-Haenszel test. If the number of events per cell was still 5, then Fisher's exact test was used. If a significant difference between treatment groups was observed in the primary efficacy analysis, an analysis of secondary efficacy measures was conducted in sequence as follows: (1) incidence of HRS reversal (defined as at least one SCr #1.5 mg/dL on treatment) was analyzed in the same manner as the primary outcome measure; (2) transplant-free survival up to 90 days was analyzed using a two-sample log rank test stratified by qualifying SCr and the presence/absence of alcoholic hepatitis; and (3) overall survival at 90 days was analyzed using a two-sample log rank test stratified by qualifying SCr and presence/absence of alcoholic hepatitis. A significance level of 0.05 was used for analysis of secondary outcome measures, and testing was stopped if the between-group difference was not significant for a secondary outcome measure.
Analyses of other efficacy outcome measures were conducted as follows: change from baseline through end of treatment in renal function (SCr) was analyzed using repeated measures analysis of covariance, with treatment as a main effect, and baseline qualifying SCr and day as covariates. HRS type 1 recurrence until transplantation, hospital discharge, or day 14 was summarized using descriptive statistics (number [n], frequency, and percentages). Continuous variables such as GFR and fractional excretion of sodium were analyzed by repeated measures of covariance, with treatment as a main effect and day and strata as covariates. Finally, dialysis-free survival up to 90 days was analyzed using a two-sample log rank test stratified by qualifying SCr and the presence/ absence of alcoholic hepatitis.
AEs were summarized by frequency and percent; Fisher's exact test was used to analyze between-group differences in the frequency of AEs. Vital signs (systolic blood pressure, diastolic blood pressure, heart rate, and mean arterial pressure) were summarized as individual values, daily averages, and maximum and minimum values. Change from baseline in encephalopathy score, MELD score, and serum urea nitrogen were analyzed similarly to the analysis of change from baseline in renal function. Other continuous safety variables (eg, labs) were analyzed using an analysis of variance on change from baseline, with treatment as a main effect, and with qualifying SCr and the presence/absence of alcoholic hepatitis as blocking factors. Other categorical safety variables (eg, lab shifts) were analyzed using the Cochran-Mantel-Haenszel test stratified by qualifying SCr and the presence/absence of alcoholic hepatitis.
Discussion
HRS type 1 is a serious disorder, complicating decompensated chronic liver disease with cirrhosis; the optimal treatment for the underlying cause of HRS type 1 is liver transplantation. 23 However, many patients will not survive long enough to receive a liver transplant. Therapy that provides a bridge to transplantation is desperately needed. Pretransplant renal impairment is associated with increased post-transplant complications and a decrease in the net benefit of liver transplantation. 15, [24] [25] [26] [27] Conversely, HRS reversal is associated with improved overall survival, 15 and therapy that reverses HRS type 1 appears likely to be associated with improved post-transplant outcomes. 24, 28 In those patients who are not candidates for liver transplantation, HRS reversal facilitates medical management and may provide the survival time needed for improvement in underlying liver disease (eg, alcoholic hepatitis). At present, there are no approved drug therapies for HRS type 1 in the USA, Canada, or Australia.
Increased understanding of the pathophysiology of HRS type 1 has demonstrated that vasoconstrictive drug therapy may reverse HRS type 1; 29, 30 while many vasoconstrictive agents have been investigated, only terlipressin has demonstrated level 1A evidence in reversing HRS type 1. 15, 18 Terlipressin has been the most widely used vasoconstrictor agent in HRS type 1. Terlipressin is a vasopressin analog derived from the natural hormone lysine-vasopressin. Vasopressin and its analogs interact with both V1 and V2 receptors. V1 receptors are located in vascular smooth muscle and are responsible for vasoconstriction when stimulated. V1 receptors are also located in other smooth muscle, such as the uterus, bladder, and gastrointestinal tract. In circumstances of catecholamine-resistant shock, these receptors have been demonstrated to be responsible for vasoconstriction. 31 The postulated mechanism of action for this effect is that the stimulation of V1 receptors in vascular smooth muscle leads to an increase in cytoplasmic ionized calcium via the phosphatidylinositol biphosphate cascade. [31] [32] [33] In HRS type 1, the effect that terlipressin promulgates is mediated by vasoconstriction of the splanchnic arterial blood vessels reducing blood flow to the system, thereby providing indirect volume expansion. 3 Stimulation of V2 receptors responsible for an antidiuretic effect is less desirable in HRS. When comparing the selectivity of vasopressin and terlipressin, terlipressin has been found to have 2.2 times greater selectivity than vasopressin at the V1 receptor. 34 In addition to its relative pharmacodynamic selectivity, terlipressin offers a pharmacokinetic advantage that makes it better for the treatment of HRS type 1. Terlipressin is a synthetic 12-amino-acid protein that is similar to endogenous human vasopressin except for the substitution of lysine for arginine at the eighth position of the endogenous molecule and the addition of three glycyl residues at the amino terminus. The duration of action of terlipressin is longer than that of vasopressin and is due to the stepwise cleavage of the N-terminal glycyl residues of terlipressin by various tissue peptidases, resulting in release of the pharmacologically active metabolite lysine-vasopressin, which has >95% of the activity of the drug. 35 It is for this reason terlipressin may be considered a prodrug. Once formed, lysine-vasopressin is eliminated by plasma peptidase losing its vasopressinergic activity. 36, 37 There is a biphasic decline in plasma terlipressin concentration, with an elimination half-life of 50 minutes. Terlipressin administration results in a marked increase in plasma concentrations of lysine-vasopressin, which peaks at 60-120 minutes, and remains elevated for at least 180-240 minutes. 37 In comparison, vasopressin is rapidly destroyed by a similar mechanism, with a half-life of 6-20 minutes. 37 The extended effect of terlipressin allows for intermittent dosing and a more reliable clinical effect in HRS type 1.
A previous trial of terlipressin in patients with HRS type 1, OT-0401, provided important insight into the potential efficacy of terlipressin in HRS type 1 patients. 15 However, additional important criteria needed to be evaluated, and the REVERSE trial was designed to evaluate these criteria. In order to ensure the best opportunity to demonstrate clinical success and advance HRS type 1 therapy, a number of incremental changes in study design have been made, based on discoveries from the previous trial, where the measurement of renal function was assessed at the end of 14 days of therapy. In the REVERSE trial, assessment of HRS reversal was based on the percentage of patients with two SCr values #1.5 mg/dL. This brings the definition of HRS reversal more in line with the standard accepted in the medical community. 38, 39 Another important change to the REVERSE trial, as compared with Study OT-0401, is the method of using an SCr rate-of-rise nomogram in the inclusion criteria. In Study OT-0401, patients had to have an SCr value of $2.5 mg/dL and a doubling of SCr within 2 weeks. This 2-week time requirement for assessment poses difficulty in the enrollment time frame, because HRS is a critical illness with a median survival time of 2-4 weeks. Therefore, a solution to a shorter duration of observation is necessary. The OT-0401 protocol permitted enrollment of patients with a change in SCr levels over time, resulting in a trajectory with a slope equal to or greater than that of a doubling within 2 weeks. Nevertheless, given the known daily fluctuations in SCr as a marker of GFR, an estimated SCr trajectory over a short period could over-or underestimate changes in renal function. In the REVERSE trial, to provide more consistent assessment for renal function at the time of enrollment, screening period estimates of SCr increases over time were based on a nomogram, which included both the time for an increase in SCr and the absolute submit your manuscript | www.dovepress.com SCr value. The nomogram was developed based on a slopecriteria regression analysis for proportional increases likely to be representative of at least doubling within 2 weeks. To our knowledge, REVERSE was the first study to employ such a nomogram.
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In the REVERSE trial, the screening period ensured that patients truly had HRS type 1 that was not reversed by a fluid challenge. In order to ensure the accuracy of the diagnosis, albumin was administered according to IAC guidelines, with consistent daily administrations when clinically feasible. 2 Further, unlike in Study OT-0401, the qualifying SCr value in the REVERSE trial had to be at least 80% of the diagnostic (pre-fluid challenge) SCr value. This ensured that subjects who were likely to respond to continued fluid support with albumin alone were not included. This increased the robustness of the trial by allowing for the measurement of efficacy achieved with terlipressin over subjects who responded to albumin.
Finally, in highlighting the major differences between the two trials, the REVERSE trial excluded patients with exceedingly high baseline SCr levels ($7.0 mg/dL). This decision was based on the fact that none of these patients in Study OT-0401 responded to terlipressin. 15 Additionally, data suggest that such high SCr levels have a negative predictive value when determining response rates. 40, 41 This is likely a reflection of the extent of advanced HRS type 1; such patients are unlikely to respond to any therapy short of a combined liver and kidney transplant. Another possibility lending to the different characteristics in response rates includes the pharmacogenomic impact, which to our knowledge has not been examined in previous trials. Therefore, in the REVERSE trial, samples were collected in subjects who provided additional consent.
42,43
Conclusion
Four randomized, controlled trials of terlipressin in HRS type 1, 15, 16, 18, 30 along with recent meta-analyses of these and other trials, support the role of terlipressin in the treatment of HRS type 1. 29, 39 The largest of the randomized, placebocontrolled trials studied 112 patients with HRS type 1 who were treated with terlipressin or placebo. 15 The REVERSE trial represents the final Phase III confirmatory trial. Overall, data from this pivotal study and the existing literature will provide the level of evidence necessary to define the risk-benefit profile of terlipressin for use in patients with HRS type 1. The Open Access Journal of Clinical Trials is an international, peerreviewed, open access journal publishing original research, reports, editorials, reviews and commentaries on all aspects of clinical trial design, management, legal, ethical and regulatory issues, case record form design, data collection, quality assurance and data auditing methodologies. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
